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  ABSTRACT  

Colorectal cancer, EGFR, gene 
amplification. 

 Colorectal cancer regarded as one of major health problems worldwide. 

Enhanced activity or overexpression of Epidermal Growth Factor 

Receptor (EGFR) appears to be a substantial factor in tumorgensis, in 

addition it is considered an essential leading force for aggressive growth 

behavior of cancer cells. Our study aim to analyse the association 

between amplification frequency of EGFR gene in colorectal cancer 

(CRC) and clinicopathological characteristics of the study population by 

utilizing chromogenic in situ hybridization (CISH). Forty formalin-fixed 

and paraffin-embedded tissue samples of histologically confirmed 

colorectal cancer were used in our study. Moreover a control group for 

the study included ten normal colon tissue samples were used. Our study 

revealed that EGFR gene amplification are found in 14 tumours out of 

40 (35%) where 9 tumours out of 40 (22.5%) with low amplification and 

5 tumours (12.5%) showed high amplification. The remaining tumours, 

26 tumours out of 40 (65%), showed no amplification. A significant 

relation of EGFR gene amplification status with progressed tumor stage 

(p = 0.004) and tumor grade (p = 0.002), whereas no statistical 

significance revealed in association of EGFR gene amplification with 

other clinicopathological characteristics. EGFR gene amplification 

associated with progressed stage and grade of tumour. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Colorectal cancer accounted as one of major health problems worldwide. It is the third most common 

cancer globally [18]. In Iraq colorectal cancer ranked third among the commonest ten major cancers 

according to the 2019 annual report of Iraqi cancer registry [14]. Interaction between environmental and 

genetic factors contributes to the development of colorectal cancer [21]. 

 

The Epidermal growth factor receptor (EGFR) is member in a family of tyrosine kinase receptors known as 



Ismail, et.al, 2022                                                                                                   Azerbaijan Medical Journal 

 

3510 
 

the EGFR family [13], which is considered a major controller of different cellular pathways and plays a 

fundamental role in cancerous and normal physiological conditions [10]. EGFR, and its downstream 

signalling pathways, control fundamental cellular pathways directing progression of several cancers and it 

is highly expressed in a different cancers, including colorectal cancer [10]. 

 

EGFR activation is the crucial initiating event that lead to the stimulation of an intracellular signal 

transduction cascade, which control cell adhesion, proliferation, differentiation, apoptosis and metastasis 

[3]. Gene amplification or mutations induce EGFR overexpression and structural rearrangement of this 

protein [1]. Enhanced activity or overexpression of EGFR one of the important factors in tumorgensis, as 

well as an essential leading force for the aggressive behavior of cancer cells growth [19]. 

 

The present study aims to analyse frequency of EGFR gene amplification in colorectal carcinoma, its 

relation with some clinicopathological characteristics of the study population and evaluate use of EGFR 

gene amplification pattern as a diagnostic marker along with histopathology criteria. 

 

2. Materials and Methods 

 

2.1 Tissue samples 

Our retrospective study include Forty samples of formalin-fixed paraffin-embedded tissue sample of 

colorectal cancer obtained from pathology department archive of a teaching hospital from January 2012 to 

July 2013. Clinical data of the patients were retrieved from their medical records to study the association of 

the patients characteristics with EGFR gene amplification status, which include: age, geneder, tumor grade, 

tumor stage, tumor location and histological type. In addition, the control group for the study include ten 

normal colon tissue samples. All samples were prepared as 4μm thickness thin sections on positive charge 

slide to evaluate the frequency of EGFR gene amplification in colorectal carcinoma utilizing chromogenic 

in-situ hybridization (CISH). 

 

Ethical approval for the study was taken from Ethical committee of the teaching hospital to use the 

specimens included in the study and the clinical information of the patients. 

 

2.2 Chromogenic in situ hybridization (CISH) 

Evaluation of EGFR gene amplification status using Chromogenic in situ hybridization was accomplished 

according to manufacturer’s manual (Invitrogen Inc.,USA). The procedure include incubation of slides at 

37oC overnight followed by two hours incubation at 65oC. For deparffinization of slides xylene and graded 

ethanols were used. Slides were subjected to heat pretreatment at 98-100 oC for 15 minute in the 

pretreatment buffer (Invitrogen Inc., USA. Cat #00-8401), followed by tissue digestion using pepsin for 10 

minutes at 37oC. The application of Invitrogen spot-light digoxigenin labeled EGFR probe (Invitrogen Inc. 

USA., Cat # 84-1300) was followed by slides coverslipping and edges sealed using rubber cementing, then 

slides have been heated up to 95 oC for 5 minutes, that is followed by overnight incubation using 

moisturized chamber at 37oC. Next day, post–hybridization wash followed by the immunodetection 

utilizing the cish polymer detection kit (Invitrogen Inc. USA., Cat # 84-9246) was performed. The CISH 

signals scored as dark brown dots in 30 nuclei by light microscope using x400 magnification, additional 30 

nuclei were counted if needed. The analysis includes only well-delineated individual cells for scoring and 

exclusion of overlapping cells. The average copies of genes per nucleus were calculated for each tissue 

section. The results were classified as no amplification (2 gene copies per nucleus), low amplification (in 

the form of 5-10 gene copies per nucleus) and high amplification (having >10 gene copies per nucleus). 
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2.3 Statistical analysis 

Assessment of the association between EGFR gene amplification with clinicopathological parameters of the 

study groups was done using Pearson Chi –square and Fisher Exact test. Values are considered statistically 

significant when p <0.05. Statistical Package for Social Sciences (SPSS) version 22 was used for execution 

of statistical analysis of our study. 

 

3. Results 

The tissue blocks used in our study consisted of Forty colorectal carcinomas (17 male and 23 female). Their 

age range between 41-81 years old with a mean age of 58.75±1.85. Patients clinicopathological 

characteristics are summarized in [Table 1] 

 

Table 1. Clinicopathological characteristics of the population study. 

Characteristic Number of patients (%) 

Total number patients 40(100%) 

Age (years) 

<56 19(47.5%) 

>56 21(52.5%) 

Gender 

Male 17(42.5%) 

Female 23(57.5%) 

Grade 

Well differentiated 18(45%) 

Moderately differentiated 12(30%) 

Poorly differentiated 10(25%) 

Tumor location 

Colon 26(65%) 

Rectal 14(35%) 

Histological type 

Adenocarcinoma 34(85%) 

Mucinous 6(15%) 

Stage 

Stage I 6(15%) 

Stage II 13(32.5%) 

Stage III 18(45%) 

Stage IV 3(7.5%) 

EGFR gene amplification 

status 
 

No amplification 26(65%) 

Low amplification 9(22.5%) 

High amplification 5(12.5%) 

 

Our results for EGFR gene amplification status revealed gene amplification in 14 tumor out of 40 (35%) 

where 9 tumors out of 40 (22.5%) with low amplification and 5 tumors (12.5%) showed high amplification. 

The remaining tumors, 26 tumor out of 40 (65%), showed no amplification [Figure 1]. 
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Figure 1. EGFR gene amplification pattern using chromogenic in situ hybridization (CISH) in colorectal 

cancer tissue samples showing no amplification (a), low amplification status (b), and high amplification 

status(c). 

 

Statistical assessment of the association between EGFR gene amplification with clinicopathological 

parameters of the study groups (Table 2) found a significant relation with tumor stage (p = 0.004) and tumor 

grade (p = 0.002), whereas no statistical significance revealed in association of EGFR gene amplification 

with other clinicopathological characteristics: age, gender, tumor location and histological type 

 

Table 2. Association of EGFR gene amplification status with clinicopathological characteristics of the 

population study. 

 
Characteristics 

EGFR gene amplification status 

N (%) 
 

p- 

value 

 
 

Significance No 

amplification 

(N=26) 

Low 

amplification 

(N=9) 

High 

amplification 

(N=5) 

Age(years)  

<56(N=19) 13(50) 4(44.4) 2(40) 
1 NS 

>56(N=21) 13(50) 5(55.6) 3(60) 

Gender  

Male (N=17) 11(42.3) 3(33.3) 3(60) 
0.64 NS 

Female (N=23) 15(57.7) 6(66.7) 2(40) 

Grade  

WD (N=18) 16(61.5) 2(22.2) 0(0)  
0.002 

 
significant MD (N=12) 8(30.8) 3(33.3) 1(20) 

PD (N=10) 2(7.7) 4(44.4) 4(80) 

Stage  

Stage I/II(N=19) 17(65.4) 2(22.2) 0(0) 
0.004 significant 

StageIII/IV(N=21) 9(34.6) 7(77.8) 5(100) 

Tumor Location  

Colon (n=26) 18(69.2) 5(55.6) 3(60) 
0.791 NS 

Rectal (n=14) 8(30.8) 4(44.4) 2(40) 

Histological type  
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Adenocarcinoma(n=34) 22(84.6) 8(88.9) 4(80) 
1 NS 

Mucinous (n=6) 4(15.4) 1(11.1) 1(20) 

 

4. Discussion 

The current study described EGFR gene amplification in colorectal cancer tissue samples using CISH 

technique and its association with clinicopathological characteristics of the patients. Previous studies 

worldwide described varying degree of EGFR gene amplification [20], [17], [8], [2], [6], [16], [1] may be 

related to the use of heterogeneous study populations, varying cutoff values defining EGFR gene 

amplification. Our study showed that EGFR gene amplification detected only in 14 tumor out of 40 (35%), 

where 9 tumors out of 40 (22.5%) with low amplification and the remaining 5 tumors (12.5%) showed high 

amplification. The remaining tumors, 26 tumor out of 40 (65%), showed no amplification. 

 

EGFR is one of members in a family of tyrosine kinase receptors frequently deregulated in colorectal 

cancer either by mutations or overexpression [5]. Determination of the genetic deregulation mechanisms in 

EGFR and its signaling pathway affect the therapeutic approach of patients with colorectal cancer. Patients 

diagnosed with this genetic deregulation can gain benefit from EGFR targeted monoclonal antibody [7], 

[23], [12], [9], especially when the k- ras mutations are absence. 

 

Statistical analysis found a significant relation between EGFR gene amplification status with 

clinicopathological characteristics of the patients with progressed tumor stage (p = 0.004) and tumor grade 

(p = 0.002), whereas no statistical significance revealed in association of EGFR gene amplification with 

other clinicopathological characteristics: age, gender, tumor location and histological type. Association of 

EGFR gene amplification with progressed tumor stage and grade was reported previously [20], [17], [8], 

[2], [6], [16], [1] might indicate the tumors with higher invasive growth behavior possibility, in accordance 

with EGFR signaling pathway known functions [4]. EGFR is an important regulatory factor and its 

increased activity associated with tumor histopathological characters: invasive growth and metastasis [15], 

[11], [22]. In conclusion, EGFR gene amplification associated with progressed tumor –stage and tumor – 

grade. Additional studies are needed to evaluate the application of EGFR gene amplification as one of a 

histopathological diagnostic criteria and usefulness of EGFR gene amplification status in predicting 

response to EGFR targeted therapy and other types of treatments for colorectal cancer. 
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